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Introduction
The total world apple production for 2016 was 89,329,179 metric tons. China, USA, Poland, Turkey, Iran and Italy had the greatest shares of apple production. In Turkey, apples are grown in almost all parts of the country, and there was a total 3,032,164 metric tons of apple production in 2017 (FAOSTAT, 2018) . The most widely-grown varieties of apples in Turkey are 'Starking Delicious', 'Golden Delicious', 'Amasya', 'Jonathan', 'Granny Smith', 'Red Chief', 'Braeburn', 'Pink Lady', 'Gala' and 'Fuji' (Özçağıran, 2005) . 'Fuji' apples are one of the popular apple varieties frequently grown mostly in China, Japan, Brazil, USA, New Zealand and Spain. Besides its high fruit quality, 'Fuji' apples are long-lasting fruits. It is reported that the significant aroma compounds in 'Fuji' fruits are ethyl 2-methylbutanoate, 2-methylbutyl acetate and hexyl acetate (Echeverría et al., 2004) . Aroma has been known since ancient times (Vicentini et al., 2018) . Aroma is of capital importance for quality characteristics in apples. Aroma is the foremost characteristic that influences the purchase decision of a consumer about apples. There are numerous studies on volatile compounds that contribute to the flavour of an apple and more than 300 volatile compounds have been identified through chromatography techniques (Dimick and Hoskin, 1983) . One of these techniques, GC-MS, helps to investigate phenolic and polyphenolic compounds in plant species (Zishan et al., 2017) . Ester compounds are the main components of apple flavour (Paillard, 1990) .
The selection and use of rootstock is vital. It has great impact on the characteristics of the apple variety grafted on the rootstock. It also affects yield, biotic and abiotic The region is well known for high quality pome fruits and stone fruits production and located at the nortwest of Turkey. In this region annual apple production is approxmately 115.000 tons. Different planting distances are used for commercial apple production due to rootstock effects on tree sizes. Application of fertilizers, pesticides, irrigation schedule were arranged according to the Global GAP certification programme for apple producers in Lapseki-Çanakkale. All the applications were made at the same time and same concentrations. The soil texture was generally clay-loamy and the reaction was slightly alkaline (pH 7.2). GPS coordinates of experimental site is 40 o 19'48'' N, 26 o 43'47'' E and elevation is 49 m above sea level.
Collection of fruit samples
The fruits of the 'Fuji' trees grafted on different rootstocks were collected in 30 September, in accordance with commercial harvest criteria. The fruits were sampled during 2015 and 2016 harvesting seasons. The fruits collected did not have any harmful symptoms or suffer from any disease. These fruits were then transferred to the laboratories and prepared for pomological and chromatography analyses. Five trees from each rootstock / Fuji combinations were used for fruit sampling and 20 fruits from each trees were harvested for further analyses. So, one hundred fruits were used for each rootstock / Fuji combinations.
Evaluation of fruit quality characteristics
Fruit weight of 'Fuji' apples (g) was calculated considering the average value of 20 fruits by individual weighing with a 0.01 g precision digital balance (Model 612, Sartorius). Flesh firmness was measured on two paired sides of each fruit by removing a 1 mm thick disk of skin from each side of the fruit using a penetrometer (Model FT-327, Effegi). Total soluble solids (TSS) in the fruit juice were measured with a digital refractometer (PR-101, Atago) and expressed as °Brix. Titratable acidity (TA) was determined by using a sample of the juice from 20 fruits. The juice samples were diluted with distilled water (1:2) and titrated to pH 8.2 with a benchtop pH meter (InoLab pH 7110, WTW) with 0.1 N NaOH. The results were expressed as g malic acid/100 g fresh weight (FW).
Volatile extraction and GC/MS conditions
For headspace sampling, SPME fibres coated with polydimethylsiloxanedivinylbenzene (Supelco Co., Bellefonte, PA, USA) were used as described before by Wang et al. (2009) . The fibre was activated according to the manufacturer's instructions. The headspace solid phase microextraction method was used for the isolation and concentration of volatiles. For each extraction, 2 g of the pulp and 0.6 g NaCl were placed in a 4 ml capped vial. The vial was placed in a 45°C water bath with a magnetic stirrer to warm to constant temperature, and the SPME fibre was exposed to the headspace of the sample to adsorb the analyses for 30 min. The fibre was then introduced into the heated chromatograph injector port.
The identification and quantification of volatile compounds in the samples were performed on a Shimadzu QP2010 Plus GC-MS ( Fig. 2) using the method described by Wang et al. (2009) with a slight modification.
Figure 2. Shimadzu QP 2010 Plus GS-MS system for chromatography analyses of volatiles
Separations were done with a DB-WAX column (60 m × 0.2 mm, i.d., and 0.25 µm, film thickness; J & W, USA), which was preconditioned at 250°C for a period of 2 hours. Helium was used as the carrier gas (3 ml/min). The analysis was conducted following the program at 40°C for 2 min, 40-150°C (3°C/min), then 150-220°C (10°C/min), and 250°C (5 min). The temperature of the injector was 250°C. The interface between GC and MS was at 250°C. Electron impact ionization was at 70 eV, EI mode, and the filament current was 0.25 mA. The ion-source temperature was 200°C. The scan range was 35-425 aMU.
Statistical analysis
Differences between strains were evaluated with analysis of variance using the SAS General Linear Model procedure: PROC GLM procedure of SAS (version 6.12; SAS Institute, Cary NC) (SAS, 1997). When this analysis was statistically significant (Ftest), mean separation was performed using the Tukey Test.
Results
The 'Fuji' apple trees budded in mid-March under the ecological conditions where the study was performed, and came into full bloom by April 20 th . The harvest was gathered on September 30 th in both years. The total number of days between full bloom and the harvest date was 152 to 158 days. Table 1 and Fig. 3 present the results from the pomological analysis of the fruit samples obtained in both years. 
Figure 3. Comparison of fruit weight of 'Fuji' apples grafted on different rootstocks
Among the 'Fuji' apple varieties grafted on different rootstocks, the fruits grafted on M9 were 212.20 grams in weight, which was the highest fruit weight. The apples with the highest fruit width were 82.43 mm grafted on M9, whereas those with the lowest fruit width were the ones grafted on MM111. Further, the apples with the highest fruit length were 67.59 mm grafted on M9, while those with lowest fruit length were 47.19 mm grafted on MM111. The fruits grafted on MM106 had the highest fruit firmness of 7.00; on the other hand, the fruits grafted on M9 and MM111 had lowest fruit firmness of 4.96. The fruits with the highest amount of soluble solids were grafted on the M9 rootstock with 18.40%, while the fruits with the lowest amount of soluble solids were grafted on MM111 with 12.40%. The highest pH value in the fruits was 4.70 grafted on MM106, while the lowest pH value in the fruits was 3.80 grafted on the MM111. The apples with the highest total acidity values were grafted on MM111 of 0.90%, while the apples with the lowest total acidity values were grafted on M9 of 0.48%.
The 'Fuji' apples grafted on M9 have an average fruit weight of 283.96 grams, fruit width of 84 mm, fruit length of 73.6 mm, 12.96% soluble solids, 0.59% total acidity and pH of 3.91 (Baytekin and Akca, 2011). Another study found that the 'Fuji' variety grafted on the M9 rootstock had a fruit weight of 197.33 grams and 16% soluble solids (Ünivar and Pırlak, 2016). Various researchers have reported the positive effects of the M9 rootstock on fruit weight (Nicolai, 1998; Brown and Wolfe, 1999; Autio and Krupa, 2001; Marini, 2002) .
Volatile aroma compounds
The chromatography analyses of the fruit samples obtained from the apple trees grafted on different rootstocks successfully revealed the volatile compounds. Table 2 presents the results for the volatile compounds and amounts of the samples from 2015. Table 3 shows the results of the samples from 2016; Table 4 presents the average results for both years.
Based on the results from 2015 and 2016, there were a total of 51 volatile compounds identified in both years. The aroma profiles in 2015 and 2016 were similar since the climate conditions in these two years were similar. The analyses concluded that 22 of the compounds were ester compounds; 17 of them were alcohol compounds; 7 of them were acid compounds and 5 were aldehyde compounds.
The total aroma amount of the fruits examined in the year 2015 varied between 275.13 µg/kg and 559.58 µg/kg. The aroma compounds in the 'Fuji' apples on the M9 rootstock were 2.03 times more than those on the MM106 rootstock ( Table 2 ). The total ester content in the 'Fuji' fruits on the M9 rootstock was 535.02 µg/kg, whereas the MM106 rootstock had the lowest ester content of 242.29 µg/kg. This was also the case for 2016 ( Table 3 ). In 2016, the total volatile compounds from M9 amounted to 542.05 µg/kg, while the total volatile compounds from MM106 amounted to 300.92 µg/kg. As for the ester compounds, those from M9 were 517.34 µg/kg and those from MM106 were 266.49 µg/kg. Considering the average values, the total volatile compounds in the 'Fuji' fruits on the M9 rootstock amounted to 550.89 µg/kg. The M9 rootstock was followed by MM111 (409.16 µg/kg), M26 (352.00 µg/kg), and MM106 (288.15 µg/kg) ( Table 4) . That being said, it can be argued that compared to other rootstocks, the M9 rootstock has an enhancing effect on the aroma content of the 'Fuji' fruits ( Fig. 4) . The total ester concentration in the total volatile compounds of the 'Fuji' apples grafted on the M9 rootstock was 95.52%. This rate was 91.28% for the M26 rootstock, 91.04% for the MM111 rootstock and 88.30% for the MM106 rootstock. Ester compounds are the main components of apple flavours and constitute 85 to 95% of the total volatile compounds (Paillard, 1990) . Isoleucine, an amino acid, plays an important role in the synthesis of ester compounds. A greater availability of isoleucine amino acid increases the concentration of ester compounds (Sugimoto et al., 2011) . Thus, it seems that the dwarf M9 rootstock has an increasing effect on the amount of isoleucine.
Figure 4. Total volatiles of 'Fuji' apples on different rootstocks in two years
In the year 2015, the ratio of 2-methylbutyl acetate compound in the 'Fuji' varieties grafted on M9 was 45.48% in all ester compounds and 43.49% in all volatile compounds; in 2016, this rate was 48.45% in all ester compounds and 46.24% in all volatile compounds. Further, in the year 2015, the ratio of 2-methylbutyl acetate compound in the 'Fuji' varieties grafted on M26 was 38.53% in all ester compounds and 35.20% in all volatile compounds; in 2016, this rate was 40.04% in all ester compounds and 36.52% in all volatile compounds. As for the MM106 rootstock, the ratio was 39.85% in all ester compounds and 35.10% in all volatile compounds in 2015, and it was 45.52% in all ester compounds and 37.66% in all volatile compounds in 2016. Lastly, for the MM111 rootstock, the ratio was 35.10% in all ester compounds and 32.01% in all volatile compounds in 2015, and it was 33.92% in all ester compounds and 30.83% in all volatile compounds in 2016. The other important ester compound in the 'Fuji' apples was ethyl 2-methylbutanoate. In the fruit samples obtained in 2015, the amount of this compound was 185.45 µg/kg for the M9 rootstock, 125.76 µg/kg for the M26 rootstock, 124.78 µg/kg for the MM111 rootstock, and 90.45 µg/kg for the MM106 rootstock ( (Fig. 5 ).
Figure 5. Comparison of total volatiles and total ester concentrations of 'Fuji' apples grafted on different rootstocks in two years
Besides, hexyl acetate and butyl propanoate are also notable among the ester compounds. Based on the average amount of these compounds, the 'Fuji' fruits obtained from the M9 rootstock yielded different results compared to other rootstocks ( Table 4 ). Several researchers reported that esters are the main component groups of apple flavour (Echeverría et al., 2004; Mannucci et al., 2017) . A study by Qin et al. (2017) identified 64 compounds based on the aroma profile of 'Fuji' apples gathered from 43 different regions in China. The researchers identified 43 ester compounds and the proportion of ester compounds in the total aroma compounds was 89.9%. As for the total amount of alcohol, the fruits collected from the MM111 rootstock had the highest amount of alcohol in both years (25.29 and 25.45 µg/kg). The M9 rootstock had the lowest amount of alcohol, which was 16.53 µg/kg and 16.51 µg/kg, respectively ( Table 2 and Table 3 ). Lower amounts of acidic compounds, which are among volatile compounds, were obtained compared to the amounts of the other main compound groups. In terms of the total acidic compounds, acetic acid identified in the MM111 rootstock was highest ( Table 4 ). The amount of acetic acid in this rootstock was 1.40 µg/kg in 2015 and 1.32 µg/kg in 2016 ( Table 2 and Table 3 ).
Following esters and alcohols, aldehydes were the volatile compound group with the next highest level. Hexanal and [E]-2-hexanal were the compounds with the highest values in this group. The MM106 rootstock had the highest average value in terms of the total amount of aldehyde compounds (11.66 µg/kg). The lowest amount of aldehyde was found in the fruits on the M9 rootstock (7.40 µg/kg) ( Table 4 ).
The results of this two-year study showed that the M9 rootstock has positive impact on the aroma profile of the 'Fuji' apples. It is remarkable that the M9 rootstock considerably increases the amount of ester compounds particularly. http 
Discussion
Wang et al. (2005) analysed the volatile compounds of conventional and organically cultivated 'Fuji' apple varieties on GC-MS using SPME method. As a result, 64 compounds were found in organic system and 51 compounds were found in control fruits. Tao et al. (2011) used the GC-MS with SPME method to determine the aroma components in eight apple varieties. As a result, 28 esters, 3 alcohols and 2 alkane compounds were determined. A study by Kviklys et al. (2014) revealed that the total phenol content of the M9 rootstock was higher than the M26 rootstock. However, they reported that there was no distinctive difference between different rootstocks in terms of the total phenol content. Unlike the total phenolic compounds, the amount of volatile compounds varied between rootstocks.
Although the effect of rootstocks on the quality characteristics of fruits has been analysed in different varieties, the studies about their impact on aroma profile are extremely low in number. Seker et al. (2017) reported the positive effects of the 'GF677' rootstock on the aroma profile of 'Cresthaven', a peach variety. Further studies may focus on the effect of rootstocks on aroma profile in different apple varieties.
Conclusion
Rootstocks may have great effect on aroma compound formation due to different carbohydrate and fatty acid metabolism pathways. So, utilization of different rootstocks should be considered for specific aroma compound improvements in apples.
